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Description 

BACKGROUND OF THE INVEfsTTION 

5 RELATED APPLICATIONS 

[00011 This application is related to the following co-pending applications, all assigned to EATON CORPORATION, 
the assignee of this application: 

10 Serial No 08/ [96-TRN-263] mailed 04A)1/98 and titled RANGE SHIFT CONTROL 

Serial Na 08/ [98-TRN-092] mailed 04A)1/98 and titled ADAPTIVE NEUTRAL SENSING 

Serial No. 08/ [97-TRN-566] mailed 04A)1/98 and titled ENGINE FUEL CONTROL FOR COM- 
PLETING SHIFTS IN CONTROLLER-ASSISTED. MANUALLY SHIFTED TRANSMISSIONS 
Serial No, 08/ [97-TRN-567] mailed 04/01/98 and titled DYNAMIC RANGE SHIFT ACTUATION 

IS Serial No. 08/ t98-TRN-067] mailed 04/01/98 and titled JAW CLUTCH ENG/VGEMENT CONTROL 

FOR ASSISTED. MANUALLY SHIFTED. SPLITTER-TYPE TRANSMISSION SYSTEM 

Serial No 08/ [98-TRN-101] mafled 04/01/98 and titled ADAPTIVE SPLITTER ACTUATOR 

ENGAGEMENT FORCE CONTROL 

Serial No. 08/902,603 filed 08/07/97 and titled PARI/UIY AUTOMATED. LEVER-SHIFTED MECHANICAL TRANS- 
20 MISSION SYSTEM 

Serial No. 08/ [97-fTRN-495I mailed 12/1 1/97 and titled ASSISTED LEVER-SHIFTED TRANSMIS- 
SION. 

FIELD OF THE INVENTION 

26 

[0002] The present invention relates to an adaptive control for controlling jaw dutch engagement during completion 
of a transmissfon upshift In particular, the present invention relates to a control wherein a controller commands 
engagement of jaw clutches when transmission input shaft speed is or is expected to be within a predetermined offset 
of a tme synchronous speed ( IS «= OS*GR y ). The magnitude of the offset (/.e„ the width of the "synchronous window^ 
30 is adaptivety varied as a function of the rate of change of vehicle speed (d/dt(OS)) and of engine rotational speed 
(dAdt(ES)). 

[0003] The adaptive control may be utilized with a fully or partially automated vehicular transmission system or with 
the range or. preferably, the splitter section of a controller-assisted, manually shifted transmission. 

3S DESCRIPTION OF THE PRIOR ART 

[0004] Compound manually shifted mechanical transmissions of the range, splitter and/or combined range/splitter 
type are in wide use in heavy<luty vehicles and are well known in the prior art as may be seen by reference to U.S. 
Pats. No. 4.754,665: 5.272,929; 5.370.013 and 5.390.661, 5.546.823; 5.609,062 and 5.642.643. the disclosures of 

40 which are incorporated herein by reference. Typically, such transmissions include a main section shifted directly or 
remotely by a manual shift lever and one or more auxiliary sections connected in series therewith. The auxBiary sec- 
tions most often were shifled by a slave actuator, usually pneumatically, hydfaufically. mechanically and/a electrically 
operated, in response to manusd operation of one or more master switches. Shift controls for such systems by t>e seen 
by reference to U.S. Pats. Na 4,455.883; 4,550.627; 4.899,607; 4.920.815; 4.974,468; 5,000,060; 5,272,931; 

45 5.281 ,902; 5.222.404 and 5,350,561 . the disclosures of which are incorporated herein by reference. 

[0005] Fully or partially automated transmission systems wherein a microprocessor-based electronic control unit 
(ECU) receives input signals indicative of various system operating conditions and processes same according to logic 
rules to issue command output signals to one or more system actuators are known in the prior art as may be seen by 
reference to US. Pal& Na 4.361.060; 4.593.680: 4.595,986; 4,850.236; 5.435,212; 5.582,069; 5,582.558; 5,620.392; 

so 5.651 .292 and 5,679,096; 5.682.790; the disclosures of which are incorporated herein by reference. 

SUMMARY OF THE INVENTION 

[0006] A prefenred embodiment of the present invention involves a computer^assisted mechanical compound trans- 
55 mission system wherein the main section is sWfted by a manually controlled sNft lever and the engine is fueled and/or 
the auxiliary sections are shifted by actuators at least partially controlled by an ECU to enhance shifting. The ECU uses 
sensed and/or calculated inputs indicative of system operating parameters, such as operation of a splitter switch and/or 
a range mitch. position and/or rate of change of position of the shift lever, engaged gear ratio, engine speed, rate of 
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change of engine speed output H^eed. rate of change of output shaft speed, dutch con^^Rnd/br throttle pedal 
position, to assist shifttng by controlling engine fueling and/or operation of the range and/or spBtter shift actuators. 
[00071 In accordance with the present invention, the drawtxicte of the prior art are minintized or overcome ty the pro- 
vision of a jaw clutch control for upshifts which adaplively adjusts the "synchronous window" for engaging the jaw dutch 
5 memt^ers to provide an optimized oompromise. in view of vehide operating conditions, between reTiable shifting, fast 
shifting and shock-free shifting (/.&. little or no shift shod^. 

[0008] In the preferred entxxfiment. a three-position spHtler dutdi (see U.S. PaL Na 5.651.292) of a controller- 
assisted, manually shifted transmission is controlled during ipshifts by varying the synchronous window at wtuch split- 
ter dutch engagements are commanded as a function of the rates of change with respect to time of t)oth engine speed 
10 (dAdt(ES)) and vehide speed (d/dt(OS)). 

[0009] In the prefeaed embodiment, if the main section and spfitter sedion both are not engaged, the splitter will be 
caused to engage without regard for synchronous conditions. 

[0010] H vehide deceleralion is less than a vehide deceleration reference value (/.e.. d/dt(OS) > REF , ? ), then the 
offset or synchronous window remains at a default value selected to provide good quaTity shifts. However, if vehide 
15 deceleration is great (/.e.. d/dt(OS) < REF,?). the synchronous window will be opened (i.e.. offset increased) as a 
function of vehide deceleration if engine deceleration is at least a reference value {i.e., d/dt(ES) < REF 2?), or as a 
function of both veNde deceleration arxJ of engine deceleration if engine deceleration is relatively low {i.e., 
d/dt(ES)>REF2?). 

(001 1] This control technique allows the driver to use the same shifting technique (even "float shifting") on flats and 
20 on steep grades. 

[0012] Accordingly, it is an objed of the present invention to provide ECU assistance for enhanced upsNfting of a 
mechanical compound transmission. 

[001 3] This and other objects and advantages of the present invention will become ajDparent from a reading' of the 
fdlowing description of the preferred ent>odiment taken in connection with the attached drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

30 Fig. 1 is a sdiematic illustration of an ECU-assisted compourxl mechanical transmission system advantageously 
utiPizing the adaptive jaw dutch engagement control of the present inverrtion. 

Fig. 2 is a chart illustrating the shift pattern arxl representative numerical ratios for the transnrvssion of Fig. 1 . 
Fig. 3 is a schematic illustration of the structure of the compound mechanicai transmission of Rg. 1 . 
Fig. 4 is a schenratic illustration of a three-positibn splitter aduator for use ¥^ 1- 
3S Figs. 5A and 5B are schematic niustrations of a shift shaft position sensor mechanism for use in tiie system of Fig. 
1. 

Fig. 6 is a schematic inustration. in flow chart tonnat of tiie contrd of ttie present invention. 
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DESCRIFiX)N OF THE PREFERRED EMBODIMENT 



[001 SI A oonrputer-assisted (ie., microprocessor-based, conlroller-assteted) vehicular compound mechanical trans- 
mission system 10, particularly well suHed to utilize the adaptive Jaw dutch engagement contrd of the present invention, 
mey t>e seen by reference to Figs. 1 -5B. 

[001 6] System 10 is of the type commonly utilized in heavy-duty vehides, such as the conventional tractors of trac- 
es torteenw'-trailer vehides, and indudes an engine, typically a diesel engine 12. a master friction dutch 14 contained 
witiiin a dutch housing, a muKiple-speed compound transmission 1 6. and a drive axle assembly (not shown). The trans- 
mission 16 Indudes an output shaft 20 drivingly coi4)led to a vehide drive shaft 

drive axle assentsly. The transmission 16 is housed wrthin a transmission housing to which is directiy mounted tiie shift 
tower of the shift lever assembly 30. The present system is equally applicable to remotely mounted shift levers, as are 

so used in cab-over-engine types of vehides. 

[0017] Fig. 2 Illustrates a shift pattern for assistod manual shifting c* a con*inedrange-and^ 
transmission shifted ty a manually operated shift tever. Briefly, the shift lewer 31 is movable in ttie sWe-tb-side or XDX 
direction to select a particular ratio or ratios to be engaged and is movat}(e in tire fore and aft or YDY direction to selec- 
tively engage and disengage tine various ratios! The shift pattern may indude an automatic range shifting feature and 

65 automatically selected and^or Implemented splitter shifting, as is known in tfie prior art Manual transmissions utifizing 
shift mechanisms and shift patterns of this type are well known in tiie prior art and may be appreciated in greater detail 
by reference to aforementioned US. Pats. Nol 5.000.060 and 5.390.561 . 

[001 8] Typicany. the sWft lever assembly 30 wiO indude a shift finger or ttie like (not shown) extending downwardly into 
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a shifting mechanisni 32. such as a muttiple-rail shift bar housing assembly or a single shift shaft assembly, as is well 
known in the prior art and as is illustrated in aforementioned US. Pats. Ma 4.455.883; 4,550.627; 4.920.815 and 
5^72.931. 

[0019] In the automatic range shifting feature, as the shift lever moves in the transition area t)etween the middle leg 
(3/4-5/Q and tiie righthand leg (7/8-9/10) of the shift pattern, it will cross a point Aa which will actuate a mechanical 
or electrical range witch, or will be sensed by a position sensor, to cause automatic irnplementation of a range shift. 
[0020] Shifting of transmission 16, comprising main section 16A coupled in series to auxiliary section 16B. is seml- 
automatically implemented/assisted by the vehicular transmission system 1 0. illustrated in Figs. 1 -5B. Main section 1 6A 
includes an input shaft 26, which is operatively coupled to the drive or crank shaft 28 of the vehicle engine 12 by master 
clutch 1 4. and output shaft 20 of auxiliary section 1 6B is operatively coupled, commonly t>y means of a drive shaft 24. 
to the drive wheels of the vehicle. The auxiliary section 168 is a splitter type, preferably a combined range-and-splitler 
type, as lUustrated in US. Psats. No. 4,754,665 and 5,390,561. 

[0021] The change-gear ratios available from main transmission section 1 6 are manually selectable by manually posi- 
tioning the shift lever 31 according to the shift pattern prescribed to engage the particular desired change gear ratio of 
main section 16/V. 

[0022] The system may Include sensors 30 (for sensing engine rotational speed (ES)). 32 (for sensing input shaft rota- 
tional speed (IS)), and 34 (for sensing output shaft rotational speed (OS)), and providing signals indicative thereof. As 
is known, witti the clutch 14 fully {i.e., no slip) engaged and the transmission engaged in a known gear ratio. 
ES - IS 1 OS*GR (see US. Pat No. 4.361.060). Accordingly, if dutch 14 is engaged, engine speed and input shaft 
speed may be considered as equal and sensor 32 is not required. Input shaft speed sensor 32 may be eliminated and 
engine speed (ES), as sensed by a sensor or over a data link (DL). substituted tfierefor. 

[0023] Engine 12 is electronically controlled, including an electronic controller 36 communicating over an electronic 
data link (DL) operating under an industry standard protocol such as SAE J-1 922. SAE J-1 939. ISO 1 1 898 or the like. 
Throttie position (operator demand) is a desirable parameter for selecting shifting points and in other control logic. A 
separate throttle position sensor 38 may be provkied or tiirottle positfon (THL) may be sensed from the data link. Gross 
engine torque (Teq) and base engine friction torque (Tbef) a*so are available on the data fink. 
PXI24] A n^ual dutch pedal 40 controls the master dutch 1 4. and a sensor 42 provides a signal (CL) indicative of 
dutch-engaged or -disengaged condition. The condition of the dutch also may be determined by conparing engine 
speed to input shaft speed if botii signals are available. An auxiliary section actuator 44 induding a range shift actuator 
and a splitter actuator 46 is provided for operating the range dutch and ttie splitter section dutch in accordance witii 
command output signals from ECU 48. The shift lever 31 has a knob 50 which contains splitter selector smtch 52 by 
which a driverDs intent to initiate a splitter shift may be sensed. 

[0025] System 10 may indude a driverDs display unit 54 induding a graphfo representation off the sixisosition shift 
pattem with indivklually lightable display elements 56. 58. 60. 62. 64 and 66. representing each of ttie selectable 
engagement positions. Preferably, each half of the shift pattem display elements (/.e., 58A and 58B) will be individually 
lightable, altowing ttie display to inform the driver of the lever and splitter positfon for the engaged ratio. 
[0026] The system indudes a control unit or ECU 48. preferably a microprocessor-based control unit of the type illus- 
trated in US. Pats. Na 4,595.986; 4,361 ,065 and 5,335,566. the disdosures of which are incorporated herein by refer- 
ence, for receiving input signals 68 and processing same according to predetermined fogic rules to issue command 
output signals 70 to system actuators, such as the splitter sectfon actuator 46, the engine oontroller 36, tiie range shift 
actuator and/or the display unit 54. A separate system controller may be utiBzed, or the engine oontrofler ECU 36 com- 
municating over an eiectionfo data Gnk may be utilized. 

[0027] As shown in US. Rat f4o. 5.651 .292 (tfie disdosure of which is incorporated herein by reference) and oo-pend- 
Ing patent appfication U& Serial Na 08/597,304 (assigned to the assignee of tiiis application), tfie splitter actuator 46 
is. preferably, a three-position device, allowing a selectable and maintainable splitter section neutral. Alternatively, a 
DpseudoO splitter-neutral may be provided tjy deenergizing the splitter actuator when ttie splitter dutch is In an intenme- 
diate. non-engaged positioa 

[0028] The structure of the 1 0-fbnward-speed combined rangenand-splitter-type-transmissfon 1 6 is schematically Hlus- 
trated in Fig. 3. Transmisstons of this general type are disdosed in aforementioned US. Pals. Ho. 5,000,060; 5.370,013 
and 5,390,561. 

19029] Transmission 16 indudes a main section 16A and an auxitiary section 16B. botii contained witfiin a housing 
induding a fonward end waD 1 6C, whfoh may be defined by the dutch housing, and a rearward end wall 16D, but fin this 
particular embodiment) not an intermediate wall. 

[0030] Input shaft 26 carries input gear 76 fixed for rotation therewitii and defines a reanwardly opening pocket 
wherein a reduced diameter extension of output shaft 20 is piloted. A non-friction bushing or the like may be provkJed 
In ttie pocket or blind bore. The reanivard end of input shaft 26 is supported tjy bearing 78 in front end waD 16C, while 
the reamvard end of output shaft 20 is supported by bearing assembly 80 in rear end wall 1 6D. 
[0031] The mainshaft 82, whfoh caaies mainshaft dutches 64 and 86. and ttie mainshaft splitter dutch 88 is in ttie 
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form of a generally tubular body reRng an externally cpTined outer surface and an axially o^Mng through bore for 
passage of output shaft 20. Shift loflcs 90 and 92 are provided for shifting dutches 84 and 86. respectively (see Rg. 5^. 
Mainshaft 82 is independently rotatable relative to input shaft 26 and output shaft 20 and preferably is free for limited 
radial moventent relative thereto. 
5 [0032] The main section 16Aindudes two substantially identical main se^ . 
prising a main section countershaft 96 carrying countershaft gears 98. 100. 102. 104 and 106 fixed thereta Gear pairs 
98. 1 00. 102. 104 and 106 are constantly meshed with input gear 76. mainshaft gears 108 and 110 and an idler gear 
(not shown), wfuch is meshed with reverse mainsfiaft gear 1 12. respectively 

[0033] Main section countershaft 96 extends reamvardly into the auxiliary section, where its reanvard end is stpported 
10 directly or indirectly in rear housing &nd wall 16D. 

[0034] The auxiliary section 16B of transmission 16 includes two substantially identica] auxiliary countershaft assem- 
blies 1 14. each inducfing an auxiliary countershaft 1 16 can-ying auxifiary countershaft gears 1 18, 120 and 122 for rota- 
tion therewith. Auxiliary countershaft gear pairs 118. 120 and 122 are constantly meshed with splitter gear 124. 
spTitterAange gear 126 and range gear 128. respectively Splitter dutch 88 is fixed to mainshaft 82 for selectively dutch- 
is ing either gear 124 or 126 thereto while synchronized range dutch 130 is fixed to output shaft 20 for selectively dutch- 
ing either gear 126 or gear 128 thereto. 

[0035] Auxiliary countershafts 1 16 are generally tubular in shape, defining a through bore for receipt of the reanvard 
extensions of the main section countershafts 96. Bearings or bushings are provided to rotatabiy support auxifiary coun- 
tershaft 1 16 on main section countershaft 96. 

20 [0036] The splitter jaw dutch 88 is a double-sided, non-synchronized dutch assembly which may be selectively posi- 
tioned in the rightwardmost or leftwardmost positions fqr engaging either gear 126 or gear 124. respectively, to the 
mainshaft 82 or to an intermecBate position wherein neither gear 124 or 126 is dutched to the main shaft. Splitter jaw 
dutch 88 Is axially positioned t^y means of a shift fork 98 controlled k>y a three-position actuator, such as a piston adu- 
ator, which is responsive to a driver selection switch (such as a button or the like on the shift knob), as is known in the 

2S prior art and to control signals from ECU 48 (see US. Pat ^kx 5,661,998). Two-position synchronized range dutch 
assembly 130 Is a two-position dutch which may be selectively positioned in either the rightwardmost or leftwardmost 
positions thereof for selectively dutching either gear 128 or 126. respectively, to output shaft 20. Qutch assentWy 130 
is positioned by means of a shift fork (not shown) operated by means of a two-position piston device. Either piston adu- 
ator may t>6 r^^laced t>y a functionally equivalent actuator, such as a ball screw mechantsra ball ramp mechanism or 

so the Gke. 

[0037] By selectively axially positioning botti the splitter dutch 88 and the range clutch 130 in the fonvard and rear- 
ward axial positions thereof, four distinct ratios of mainshaft rotation to output shaft rotation m^ be provided. Accord- 
ingly, auxiliary transinssfon section 16B Is a three-tayer auxiliary sectfon of the combined range and splitter type 
provkling four selectable speeds or drive ratios between the input (mainshaft 82) and output (output shaft 20) thereof. 

35 The main sectiori 1 6A provides a re/erse and three potentially selectable fonward speeds. However, one of the selecta- 
ble main section fonward gear ratios, the fow-speed gear ratios associated with mainshaft gear 1 10. is not utilized In the 
high ranga Thus, transmisskxi 16 is property designated as a "(2+1)x(2x2)" type transmission providing nine or ten 
selectable forward speeds, depending upon the desirabifity and practicality of splitting the low gear ratia 
[0038] Splitter shifting of transmission 1 6 is accomplished responsive to initiation by a vehide operator-actuated spl'it- 

40 ter button 52 or ttie like. usuaQy a button located at the shift lever toiol^ whQe operation of the range dutch shifting 
. assembly is ari automatic response to nnovemert of the gear shift lever between the oen^ 
the shift pattern, as fflustrated in Fig. 2. Altematively. epTitter shifting maybe automated (see US. Pat hkx 5.435.212). 
Range shift devices of this general type are known in the prior art and may be seen by reference to aforementioned U.S. 
Pats. No. 3,429,202: 4.455.883; 4,561,325 and 4,663,725. 

45 [0039] Although ttie present Invention is Illustrated in the entxxfiment of a compound transmission not having an 
intennedlate wall, the present invention is equally applicable to transmissfons of the type iDustrated in aforementioned 
U.S. Pats. No. 4.754,665:5.193.410 arid 5,368.145. 

PNMQ] In the prior art espedafly for manual transmissions, the splitter dutches were operated by two-pos'itk>n adu- 
atora and. thus, were provided wfth a relatively small backlash (i.e., about .008-.012 inches baddash for a dutch having 
so about a 3.6-inch pitch diameter) to prevent unduly harsh spTitter shifting. Typically, with the above backlash and the 
usual engagement forces, at greater than about 60 Rf^ input shaft synchronous error, the dutch teeth woidd ratchet 
or "buzz" arx5 dutch engagem&rt would not occur. 

[0041] As is known (see U.S. Pal Na 5,052.535. the d'isdosure of which is incorporated herein by reference), allow- 
able relative rotational speed at which the positive dutches will property engaged (/.e., sufficient dutch tooth penetra- 
ss tion will occur) is a directiy proportional function of the total effective baddash in the dutch system. The maximum 
aOowable asynchronous conditions at which dutch engagement is allowed is selected in view of the most harsh dutch 
engagement wtiich is acceptable. 

[0042] In change-gear transmissions utilizing the non-synchronized positive dutch structures, espedally for heavy- 
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duty vehicles, for a given total bacWash (i.e.. a given maximum allowably harsh clutch engagement), the range of asyn- 
chronous conditions at which the clutch men*ere will engage is often nan-ower than desirable under certain conditions 
making shiffing more dWicuft 

[0043] According to the present invention, and as more fully described in aforementioned U.S. Pat. No 5.651 .292. the 
6 interengaging clutch teeth provided on splitter clutch 88 and on splitter gear 124 and splitter/range gear 126 are of a 
relatively large bacWash (/.e.. about .020-.060 inches for a 3.6-inch pitch diameter dutch), which will assure that almost 
any attempted splitter shift under full force will be completed. 

[0044] The splitter clutch 88 is moved by a shift fork 98 attached to the piston rod 1 40 of the piston actuator assembly 
142 (see Rg. 4). Actuator assembly 142 may be a conventional three-position actuator (see US. Pat No. 5.054.591, 
10 the disclosure of which is incorporated herein by reference) or an actuator of the type illustrated in US. Pats. No. 
5.682,790 or 5,661,998 (the disclosures of which are incorporated herein by reference), wherein pulse width modula- 
tfon of a selectively pressurized and exhausted chamber 144 may be used to achieve the three splitter positions (L N 
H) of the shift fork. 

[0045] Preferably, the splitter dutch actuator 1 42 will be capable of applying a variable force, such as by pulse width 
»5 modulation, of supply pressure. A force lesser than full force may be utilized when disengaging and^or when synchro- 
nous conditions cannot be verified. 

[0046] In system 1 0, splitter switch 52 will indicate the driver's intent to initiate a splitter shift under the contrd of ECU 
48. The controUer 48 is provWed with fogic rules under which, if the main section is engaged, a shift from splitter neutral 
Into a selected target spTitter ratio is Initiated such that, under normal conditions, induding proper operator fuel control, 

so the synchronous error (which is equal to input shaft rotational speed minus the product of output shaft rotational speed 
and transmissfon target gear ratio) is expected to be equal to or less than a value selected to give smooth, high-quality 
shifte ((IS - (OS*GR)) = ERROR ^ REF). The timing is done in regard to sensed/expected shaft speeds, shaft accel- 
eration/ deceleration and actuator reaction times. As is known, automated hydraulic, pneumatic or mechanical jaw 
dutch engagement systems have to be tuned to deliver a duteh engagement that is a oonpromise between engaging 

25 the dutch wfthout shift shock and delivering a fast shift If the dutch engages only exacfly at synchronous, the driver 
may get impatient and reapply fuel before the dutch engages. This approach also may result In the shift being missed 
on a grade or any situation tiiat causes the vehide to decelerate quicWy or the engine to decelerate slowly If the dutch 
engages far out of synchronous* the driver complains atx)ut the "shift shock" or jerk that occurs as the dutch engages. 
[0047] According to the present invention, in certain situations, tiie logic rules will recognize operating conditions 

30 wherein tiie prefen-ed or defauft synchronous window {i.e., IS = (OS*GR) ± 60 RPM ) mu^ be expanded to acconplish 
a splitter shift, even at the expense of shift quality. These situations, usually associated witti upshifts, indude if shifting 
is attempted at low engine speeds wherein expected engine sjpeed at shift completion will be undesirably tow, if decel- 
eration of the output shaft is relatively high (dOS/dt < REF, ), if the deceleration of tiie engine is relatively low 
(dESAcft > REFg ) and/or if the absolute value of the synchronous error is not approaching tiie normal value at an 

as acceptable rata 

[0048] In the preferred embodiment of the present Invention, completion of splitter shifts when tfie main section is 
engaged {t.e., a shift from the centered or neutoal position into the target splitter ratio) is commanded when input shaft 
rotational speed (IS) is or is expected to be witfiin tiie synchronous window {i.e.. 
((OS*GRt) + oftset ,) > IS > ((OS*GRy) - offset g) ). Assuming for this discussion ttial the offsets are equal, tiiis may 
40 be written IS - ((OS-QRy) ± offseQ . At ideal operating conditions, tiie offset is at a default minimal value intended to 
provide an acceptable shift quality and shift qufokness. In the example above, the default offset was db60 RPM, giving a 
default synchronous window wkfth of 120 RPM. 

[00491 By using a three-position splitter actuator and Bicreased splitter dutch backlash, splitter dutch engagements 
are possible but not usually desirable (for shift quafity and ottier reasons) over a very great band of non-synchronous 
45 conditions. 

[0050] According to the jaw dutoh control of the present invention, in ttie event of a splitter upshift, when in "splitter 
neutral," the ECU will compare vehfole deceleration (as indicated dOS/dt) to a reference value (REF^) selected to 
represent the greatest vehfole acceleration under whfoh the defauft synchronous window will allow.rapkl. *^hock-free" 
and relive shifts. If vehide deceleration exceeds this reference, the synchronous window shouki be expanded to pro- 
60 vide more refiable fiff somewhat harsher) spiitter shifts. If not, the defoutt synchronous window will provMe suffidenfly 
rapid and reliable shifting. 

[0051] If vehfole deceleration does exceed tfie reference value, engine deceleration is conpared to an engine decel- 
eration reference value (REF2) to determine if the engine is decelerating at least at an expected value (typically about 
-450 RPM to -600 RPM for a heavy-duty diesel truck engine), tf the engine is decelerating in an acceptable manner, the 
65 synchronous wndow offset is increased only an amount determined as a function of vehide deceleration. H, however, 
vehide deceleration is great and engine deceleration is tow (dESAft > REF 2 ), tiien the synchronous window offoet is 
increased an amount determined as a sum of (Q the amount determined as a function of vehide deceleration and (iO 
an amount determined as a function of engine deceleration. 
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[0052] For 8pntter-only upshifl^Ki as 3-4 and 5-6 shifts, the sWfts are completed by enga^^e appropriate spDt- 
ter dutch, as indicated above. Rx conrt^ed main section and splitter section upshifts (also called "compound shifts"), 
such as 2-3. 4-5 or 8-9 shifts, the preferred shifting technique Is that the driver preselects the appropriate splitter posi- 
tion (using the selector 52), breaks torque (using the master clutch 14 and/br throttle controQ. and th«fi uses the shift 
le^ to shift into neutral, while the throttle and/or engine brake is used to cause synchronous ir^ut shaft speed for 
engaging the target gear ratio (GRy). To give the operator the maxnnum control over tus veNde. it is preferred that the 
splitter nt>eat" (Le., engage before) the main section. If the main section is sensed as being in neutral, the splitter will 
preferably engage without regard for tiie presence or absence of synchronous conditions, and the operator. possO^ly 
witti the assistance of ECU fuel control, will complete the shift However, if ttie operator uses the shift lever to beat the 
spGtter section, the splitter dutch is held in the neutral or disengaged position until synchronous conditions are sensed, 
and then ttie shift is completed by engaging the appropriate splitter clutch. 
[0053] While the upshift jaw dutch engagement control of the present invention has been descrbed in connection 
witti oontroBing splitter shifting in a computer-assisted, manually sfvfted transmission, it also is applicable to shifting of 
transmission main sections and/or range sections. 
IS [0054] Rg. 6 illustrates, in flow chart format the control of ttie present invention. 

[0055] The position of ttie shift lever 31 or of ttie shifting mechanism 32 controlled ther^ may be sensed by a posi- 
tion sensor device. Various positioning sensing assemblies are known in ttie prior art witti a preferred type illustrated 
in alkMved U.S. Serial Na 08/695.052, assigned to ttie assignee of ttiis application, ttie cGsdosure of which is incorpo- 
rated herein by reference. 

20 [0056] Refening to Figs. 5A and 5B, shifting mechanism 32 is illustrated as a single shift shaft device 160 having a 
shaft 162 which is rotatable in response to X-X movements of shift lever 31 and axially movable in response to Y-Y 
movements of shift lever 31 . Mechanisms of ttiis type are descrtoed m detail in aforementioned U.S. Pal. Na 4.920.81 5. 
[0057] Shift shaft 1 62 carries ttie main section shift fortes 90 and 92 for selective axial movement therewitti and a shift 
block member 1 64 for receiving a shift finger or ttie like. A pair of coils 1 66 and 1 68 provide a pair of signals (collectively 

ss GR) indicative of ttie axial and rotational positfon of shaft 1 62 and. ttius, of shift lever 31 relative to tiie shift pattern illus- 
trated in Rg. 2. Preferably, the rate of change of position (dQRAdf) also may be determined and utiHzed to enhance stvft- 
ing of the system 10. 

[0058] By way of example, refening to Fig. 2, if shift lever position can be sensed, the need for a fixed switch or the 
like at point AR to sense a required initiation of a shift l>etween tow range and high range is eliminated. Further, as phys- 

50 ical switches are no tonger required, ttie shift pattem position at which a range shift will be commanded can be varied, 
such as to points 180. 182 or 184. to enhance system performance under various operating conditions. 
[0059] If in first (1st) ttirough fourtti (4tti). a shift into high range is unlikely and tiie auto range shift initiation point may 
be moved to position 1 84 (away from the expected shift lever patti) to prevent inadvertent actuation of a range shift If 
in sixtfi (6tti) witti a high engine speed, a shift into high range is lO^ly and moving ttie auto range liiitiation point to posi- 

35 tion 1 80 wiD allow for a quicker inrtiation of a range shift. 

[0060] According to ttie prefen-ed embodiment of the present invention, the operator is alfowed to control engine 
fueling unless the cun-ent vehide operating conditions indicate that his/her operation of the ttirottle pedal wffl not allow 
ttie spTitter jaw dutches associated with the curent target ratio to engage. H operating conditions, induding operator 
setting of ttie ttirottle pedal, indicate ttiat ttie operator will complete a splitter shift into target ratia ttie engine will be 

40 fueled in accordance witti operator ttirottle setting. If not automatic engine fueling wUI occur. If ttie splitter section does 
engage prior to ttie main section, as is preferred, the operator will remain in oomplete oonttol of engine fueTmg to com- 
plete ttie shift by engaging ttie main section. 

[0061] The state of engagement (/.e, engaged or neutraO of the maiii transmissfon section 16A is an important con- 
ttol parameter for system 10. By way of example, if main section neutral is sensed, ttie splitter may be commanded to 
45 a fun force engagement, regardless of the existence or absence of synchronous conditions. Alsa if tiie main section is 
engaged while ttie splitter is in neubal. the system will not cause spTitter engagement until substantial synchronous is 
sensed and may then initiate automatic fuel control if required. Of course, ft is important to prevent or minin^e false 
deterihnialions of main section neutral and/br engaged oondftions. 

[0062] Referring to Fig. 2. a first nanow band 202 and a second wWer band 204 of vertical tf^ 
so bight portion 200 are utifized to determine If the main-section Is or is not in neutral. If the transmisston main section is 
not conTirmed as being in main section neutral, the neuttal conTinnation band wifl be the nannower band 202. TWs will 
assure tfiat the main section 1 6A is truly in nmitral t>efore declaring a main section neutral condition. If the transmission 
main section 16A is conTimied as being in neutral, the neutral confrmation band will be the vwder band 204. This 
assures that mere overshooting of neutral or raking of mam section jaw dutches will not be incoaectly interpreted as a 
55 main section engaged condition. 

[0063] Sensing ttie shift (ever at point 206 will always be interpreted as main section neutral, and sensing the shift 
lever at point 208 wfll always be interpreted as main section engaged. However, ff ttie shift lever is sensed at point 210, 
this will not cause a previous detemnination of a neutral or engaged condition to dianga 
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[0064] Vehicle operating conditions other than or in addition to currently engaged or neutral condition of the main sec- 
tion 16A may be used to vary the width of the r^eutral sensing bands. 

[00651 Aocofdingly. it may be seen that a new and improved jaw clutch engagement control for tpshifting is provided, 
which provides an adaptive control for Mpshifting which, as vehicle operating conditions require, win aflow i^sshifts to 
conrplete in a harsher manner than under typical vehicle operating conditions. 

[0066] Alth ough the present invention has been described with a certain degree of particularity, it is underctood that 
the descrtption of the preferred embodiment is by way of example only and that numerous changes to form and detail 
are possible without departing from the spirit and scope of the invention as hereinafter claimed. 

Claims 

1 . A method for controffing a vehicular transmission system during an attempt to engage a positive jaw dutch to com- 
plete an upshift into a target gear ratio (GRj), said transmission system comprising a fuel-controlled engine, an 
engine controller for controlling the supply of fuel to the engine in response to command signals, a mechanical 
change-gear transmission having an input shaft driven by said engine, an output shaft and defining a plurality of 
selectively engaged and disengaged gear ratios for providing various ratios of input shaft rotational speed to output 
shaft rotational speed (ISADS), said gear ratios engaged by engaging at least a selected set of positive jaw clutch 
members, a shift actuator for controlling engagement and disengagement of said positive jaw dutch members in 
response to command signals, a control unit for receiving input signals indicative of vehide operating conditions 
induding at least two of (0 engine rotational speed (ES). (ii) input shaft rotational speed (IS) and (iii) output shaft 
rotational speed (OS) and for processing same according to logic rules to issue command signals to at least said 
shift actuator, said logic rules requiring that input shaft speed is wttiin an operational offset of true synchronous 
speed for engaging a target gear ratio (IS - (OS'GRy) ± offset) as a precondition for commanding full force 
engagement of a positive jaw dutch for completing engagement of said target gear ration said mettiod conprising: 

determining an attended completion of an upshift into a specific target gear ratio (QRr) by engagement of a 

positive jaw dutch; 

determining a default offoet value; 

determining a rate of change witii respect to time of vehide speed (dOS/dt) and of engine speed (dES/dt); 

comparing the rate of change wrth respect to time of vehide speed to a first reference value (REF,) and tiie 

rate of change with resped to time of engine speed to a second reference value (REFg); 

if the rate of change with resped to time of vehide speed is greater ttian said first reference value 

(dOSAdt > REF , ). causing said operational offset to equal said default offset value; 

if ttie rate of change witti respect to time of vehide speed is less than said first reference value 

(dOSAdt < REF, ) and if the rate of change witti respect to time of engine rotational speed is less than said 

second reference value (dES/dt < REFg ). causmg said operational offset to equal the sum of (0 said default 

offeet value and (IQ an amount detemiined as a function of ttie rate of change witti resped to time of vehide 

speed; and 

if ttie rate off change witti respect to time of vehide speed is less ttian said first reference value 
(dOSAdt < REF , ) and if the rate of change witti respect to tinie of en^ne rotational speed is greater than said 
second reference value (dES/dt > REFg ). causing said operational offset to equal ttie sum of (0 said de^ 
offM value, and Oi) an amount determined as a function off the rate of change witti respect to time of vehide 
speed and (iii) an amount determined as a function of ttie rate of change witti respect to time of engine speed. 

2. The nnettiod of claim 1 wherein said control unit is microproo»ss^ 

3. The mettxxJ of daim 1 wher^n said control unit communicates over an electronic data Dnk (DLJ conforming to an 
industry-recognized protocol (SAE J-1922/1939). 

4. The mettiod of daim 1 wherein said transmission system is a control unit assisted manually shifted transirtission 
system induding an operator set ttirottle demand device for providing a signal indicative of operator engine fuefing 
demand (THL), said engine oontrolier has at least one mode of operation wherein engine fueling is provided in 
accordance witti said operator-set fuel ttirottle demand device and at least one mode of operation wherein engine 
fueling is provided to achieve a requested engine speed (ES) value, said control unit receives an input signal indic- 
ative of fiv) ttirottle demand device setting and said control unit issues command signals to said engine contrdler. 

5. The mettiod of daim 1 wherein said transmission is a splitter-type compound transmission and said positive |aw 
dutch for completing engagement of said target gear ratio is a splitter jaw dutch. 
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6. A control for coritroHing a veBlror transmission system during an attempt to engage a p^Me jaw dutch to com- 
plete cm upshift into target gear ratio (GRr). said transmission system conprising a fuel-controlled engine, an 
engine oontroOer for controning the supply of fuel to the engine in response to command signals, a mechanical 
change-gear transmission having an input shaft driven by said engine, an output shaft and def oiing a pluraTity of 

5 selectively engaged and disengaged gear ratios for providing various ratios of input shaft rotational speed to output 
shaft rotational speed (ISA)S). said gear ratios engaged by engaging at least a selected set of positive jaw clutch 
members, a shift actuator for contrdfing engagement and disengagement of said positive jaw dutch members in 
response to command signals, a control unit for receiving input signals indicative of vehide operating conditions 
Induding at least one of (i) engine rotational speed (ES), (ii) input shaft rotational speed (IS) and (iii) output shaft 

10 rotational speed (OS) and processing same aooording to logic rules to issue command signals to at least said shift 
actuator, said logic rules requiring that input shaft speed is within an operational offset of tnje synchronous speed 
fbr engaging a target gear ratio ( IS « (OS*GR j) ± offset ) as a precondition for commanding full force engagement 
of a positive jaw dutch for completing engagement of said target gear ration said control comprising: 

IS means for determining an attempted completion of an upshift into a specific target gear ratio (GRj) by engage- 

ment of a positive jaw dutch; 
means for determining a default offset value; 

means fbr detemining a rate of change with respect to time of vehide speed (dOS/dt) and of engine speed 
(dES/dt): 

20 means fbr conparing ttie rate of change witfi resped to time of vehide speed to a first reference value (REF^) 

and the rate of change witti respect to time of engine speed to a second reference value (REFg) : and: 

(a) if the rate of change witii resped to time of vehide speed is greater than said first reference value 
(dOS/dt > REF 1 ). causing said operational offset to equal said default offset value; 
2S (b) if the rate of change witti respect to time of vehide speed is less tiian said first reference value 

(dOS«t < REF 1 ) and if tiie rate of change witti resped to time of engine rotational speed 
second reference value (dE8/Ut < REFj). causing said operational offset to equal the sum of (0 said 
default offset value and (ii) an amount determined as a function of the rate of change with respect to time 
of vehide speed; and 

so (c) if tfie rate of change with respect to time of vehide speed is less than said first reference value 

(dOSAtt < REF ^ ) and if the rate of change witti resped to time of engine rotational speed is greater than 
said second reference value (dESAdt > REFg ), causing said operational offset to equal ttie sum of (i) said 
default offset value, and (iO an amount determuied as a function of tiie rate of change with resped to time 
off vehide speed and (in) an amount determined as a function of ttie rate of change witii respect to time off 

35 engpne speed. 

7. The system off daim 6 wherein said contrd unit is microprocessor-based. 

8. TTie system off daim 6 wherein said control unit communicates over an electronic data link (DL) oonfbrmihg to an 
40 industry-recognized protOGd{SAEJ-1922/1939). 

9. The system off daim 6 wherein said transmission system is a control unit assisted manually shifted transn^ssion 
system induding an opmctor set throttie demand device for providing a signal indicative off operator engine fueTing 
demand (THL). said engine controller has at least one mode of operation wherein engine fueling is provided in 

45 accordance witti said operator-set fuel throttle demand device and at least one mode of operation wherein engine 
fueling is provided to achieve a requested engine speed (ES) value, said contrd unit receives an input signal indic- 
ative of Civ) tttfotfle demand device setting and said control unit issues command signals to said engine controller. 

1 0. The system of daim 6 wherein said transmfesion is a spGtter-type compound transmission and said positive jaw 
so dutch for completing engagement off said target gear ratio is a splitter jaw dutch. 

11. A conputer program produd for contrdling a vehicular transmission system during 

Jaw dutch to conplete an tpshift into target gear ratio (GRj). said transmission system comprising a fuel-controlled 
engine, an engine controller for controlling ttie supply of fuel to the engine in response to command signals, a 
55 mechanical change-gear transmission having an input shaft driven by said engine, an output shaft and d^ining a 
plurafity of selectively engaged and disengaged gear ratios fbr providing various ratios off input shaft rotational 
speed to output shaft rotational speed (IS/OS), said gear ratios engaged by engaging at least a selected set off pos- 
itive Jaw dutch mennbers. a shift actuator for controlling engagement and disengagement of said positive jaw dutch 



9 



EP0947 741 A2 



nwnijerB In response to command signals, a control unit for receiving ir^iil signals indicative of vehicle operating 
condrtions including at least one of (0 engine rotational speed (ES), (iQ Input shaft rotational speed (IS) and (iiQ out- 
put shaft rotational speed (OS) and processing same according to logic rules to issue command signals to at least 
said shift actuator, said logic rules requiring that input shaft speed is wfthin an operational offeet of true synchro- 
nous speed for engaging a target gear ratfo (IS « (OS-QRt) ± offset) as a precondition for commanding full force 
engagement of a positive jaw clutch for completing engagement of said target gear ratio, said product Indudino 
togic rules for: 



determining an attempted completion of an upshift into a specific target gear ratio (GRr) by engagement of a 

positive jaw clutch; 

determining a default offset value; 

determining a rate of change witii respect to time of vehicle speed (dOS/dt) and of engine speed (dES/dt); 
comparing the rate of change with respect to time of vehicle speed to a first reference value (REFi) and the 
rate of change with respect to time of engine speed to a second reference value (REFg); and 

(a) if the rate of change witfi respect to time of vehicle speed is greater than said first reference value 
(dOS/dt > REF ^ ), causing said operational offeet to equal said default offeet value; 

(b) if tiie rate of change with respect to time of vehicle speed is less than said' first reference value 
(dOS/dt < REF 1 ) and if the rate of change witfi respect to time of engine rotational speed is less tfian said 
second reference value (dES/dt < REFg). causing said operational offeet to equal tfie sum of (i) said 
default offeet value and (ii) an anxxint determined as a function of the rate of change with respect to time 
of vehicle speed; and 

(c) if the rate of change with respect to time of vehicle speed fe less than said first reference value 
(dOS/dt < REF 1 ) and If tine rate of change with respect to time of engine rotational speed is greater tiian 
said second reference value (dES«t > REFg ), causing said operational offeet to equal the sum of (9 said 
default offset value, and (ii) an amount determined as a function of the rate of change with respect to time 
of vehicle speed and (lii) an amount determined as a function of the rate of change witfi respect to time off 
engine speed. 

12. The product off claim 1 1 wherein said control unit is microprocessor-t)ased. 

13. The product of dalm 12 wherein said control unit communicates over an electronic data link (DU conforming to an 
industry-recognized protocol (SAE J-1922A1939). 

14. THe product of claim 1 1 wherein said transmission system fe a control unit assfeted manually shifted transmission 
system including an operator set fhrottie demand device for providing a signal indicative of operator engine fueling 
demand (THLJ. said engine controller has at least one mode of operation wherein engine fueling is provided in 
accordance wHh said operator-set fuel throttle demand device and at least one mode of operation wherein engine 
fueling is provided to achieve a requested engine speed (ES) value, said control unit receives an input signal incBc- 
otive off fiv) tiirottie demand device setting and said oontfol unit issues command signate to said engine controller. 

15. Theproducloffdaim11wheremsaidtransmisslonfeaspritter4ypecon^ 
dutch for oonpleting engagemertt of said targ^ gear ratio fe a splitter jaw clutch. 

16. A method for oontrolUng a vehicular control unrt-assisted. manually shifted transmission system (10) during an 
attempt to engage a splitter section (16B) positive jaw dutch to complete an upshift into target gear ratio (GRr). 
said transmfesion system comprfeing an operator-set fuel tiirottie demand device (38) for providing a signal indica- 
tive of operator engine fueling demand (7HL). a fuel-controlled engine (12). an engine controller (36) for contrdling 
the supply of fuel to the engine in response to command signals, said engine oontrofler having at least one mode 
of operation wherein engine fueling fe provided in acconlance with said operator-set fuel tiirottie demand device 
and at least one mode of operation wherdin engine fueling te provided to achieve a requested engine speed (ES) 
value, a mechanical chang&gear splitter type compound transmission (1 6) having an input shaft (26) driven t>y said 
engine, an output shaft (20) and defining a pluraTity of selectively engaged and disengaged gear ratios for providing 
vanous ratios of irput shaft rotational speed to output shaft rotational speed (IS/OS), said gear ratios engaged by 
engaging at least a selected set of splitter section positive jaw dutch members (88). a splitter shift actuator (142) 
for controlling engagement and disengagement of said positive jaw dutch members in response to command sig- 
nals, said contrd unit receiving input signals indicative of vehide operating conditions induding at least two of (i) 
throttle demand device settirig (THg. (ii) engine rotational speed (ES), (iii) irput shaft rotational speed (IS) and Qv) 
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output shaft rotational speeQH and processing same according to logic rules to issue^BRiand signals to sys- 
tem actuators tndudtng at least said engine controller artd said shift actuator, said logic mles requiring that input 
shaft speed is within an operational offset of true synchronous speed for engaging a target gear ratio 
(IS m (OS*GRt) ± offset) as a precondition for commanding engag&nent of a spTitter section positive jaw clutch 
5 for completing engagement of said target gear ratio, said method comprising: 

determining an attempted completion of an upshift into a specific target gear ratio (GRt) by engagement of a 
splitter section positive jaw dutch; 
determining a default offset value; 
10 determining a rate of cfiange with respect to time of vehicle speed (dOS/dt) and of engine speed (dES/dt): 

comparing the rate of change with respect to time of vehicle speed to a first reference value (REF^ and the 
rate of change with respect to time of engine speed to a second reference value (REF2): and 

(a) if the rate of change with respect to time of vehicle speed is greater ttian said first reference value 
IS (dOSA:ft > REF ^ ). causing said operational offset to equal said default offset value; 

(b) if the rate of change with respect to time of vehicle speed is less than said first reference value 
(dOS/dt < REF ^ ) and if the rate of change with respect to time of engine rotational speed is less Onan said 
second reference value (dES/dt < REF 2). causing said operational offset to equal tiie sum of (0 said 
delautt offset value and (ii) an amount determined as a function of the rate of change with respect to time 

20 of vehicle speed: and 

(c) rf the rate of change with respect to time of vehicle speed is less than said first reference value 
(dOSAdt < REF ^ ) and if the rate of change with respect to time of engine rotational speed is greater than 
said second reference value (dES/dt > REF j ), causing said operational offset to equal the sum of p) said 
default offset value, and (ii) an amount determined as a function of tfie rate of change witti respect to time 

2S Of vehicle speed and (in) an amount detenfhined as a function of the rate of change witti respect to time of 

engine speed. 



17. The method of claim 16 further comprising: 



30 determining if current engine speed and tiirotlle demand device setting will prevent engagement of said target 

gear ratio; 

if cun-ent engine speed and tiirottie demand device setting wili not prevent engagement of said target gear 
ratio, commancfing ttie engine cortroller to fuel said engine in acconJance with said operator-set fuel throttie 
demarxl device; and 

35 if current engine speed and throttle demand device setting will prevent engagement of said target gear ratio. 

commanding said engine oontroller to cease fueling said engine in accordance wifli said operator-set fuel throt- 
tie demand device and instead to fuel said engine to achieve a requeued engine speed value detemvned to 
allow engagement of said target ratio. 

40 18. The method of claim 1 6 wherein said control unit is microprocessor-based. 

19. TTie mettKXI of daim 16 wherein said control unit commuiUcatesover an electronic data link (D^ conforming to an r 
industry-recognized protocol (SAE J-1 922/1939). 

45 20. The method of daim 1 wherein said positive dutch is a spfitter dutch. 

21 . The system of daim 6 wherein said positive dutch is a spfitter dutch. 

22. The product of daim 12 wherein said positive dutch is a spfitter dutch. 

so 
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